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(54) Producing welded plate heat exchangers, 
more particularly cross-flow plate heat exchangers 

(57) The method comprises joining together discrete 
plates (K1. K2, K3, K4. K5). which have regular 
impressions, on their unimpressed edges by roll seams 
(9) to form plate pairs bounding gap-like flow channels 
(5) for a first heat-exchanging medium (M1). The 
stacked-up plate pairs are effective by way o their 
surfaces near one another to bound tubular flow 
channels for a second heat-exchanging medium (M2) 
and are rigidly joined together by adjacent plates of two 
plate pairs being joined together to form a stack by 
means of fillet seams (10) extending perpendicularly to 
the roll seams, the stack having for f luidwise separation 
of the two media, corner seams (14) disposed on its 
four connection edges extending perpendicularly to the 
other seams. After the roil seams (9) have been 
produced the plate pairs joined together to form a loose 
stack are subjected to a surface load (V) in the form of 
mechanically or thermally or hydraulically produced 
preloading or biasing forces which correspond 
approximately to loads experienced in operation and 
which are oppositely directed to such loads and which 
continue to be applied until the fillet seams (10) and the 
corner seams (14) - have been made. 




18- 
21- 

18. 



"1 * * 



22033G2 
F i g.3 



^ 8 2 / / 






Fig. A 



4-14- 

22G3362 




- 1 - 



22G3362 



A METHOD OF PRODHCIHG WELDED PLATE HEAT EXCHANGERS, MORE 
PART1C0LARLY CROSS-FLOW PLATE HEAT EXCHANGERS 



The .nven.lon reu.es to a ...nod of producing -e.ded p.e.e heat 
endangers, more particular!, cross-Uow pU« heat exchangers, 
as set out In the preamble of claim 1. 

plate heat exchangers whose core comprises e numher o, 
canHguous wavy discrete pla.ee, .. order to aepera.e the flow 
.hannels for the two hea.-exchanglng med.e It Is anown for the 
terete ple.es ...her to he seated a. .he.r ,««- « 
snolher „ lt h se.Ung .sens of various Rinds and to he nr.,, held 

to8 e.h.r, for exampU. * threaded essemMv rods <cf. OB-PS , 03. 

466). 

, r nE-PS 1 601 215) for the discrete plates of 
It is also known (cf . DE-PS I &ui 

fn hp fiolae red or welded In their Junction 
such a heat exchanger to be soiderea or 

zones. 
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To this end. the discrete plate elements are pressed to form a 
waV y structure in order to ensure that the conditions of heat and 
flow are optimal for heat exchange. The wavy structure leads to 
now alterations at continuous intervals, with the effect of 
considerably increasing turbulence, and also considerably 
enlarges the area used for heat exchange. Also, the wavy 
structure gives the exchanger plates the strength necessary to 
withstand static and dynamic loads before and more particularly 
ln operation. The rigidity of the corrugated plates in the 
group of heat exchanger plates also depends upon the load 
capacity in the contact zones between the discrete contiguous 
corrugations, distortions of which cause stresses. 

Other loads acting on the heat exchanger core include internal 
pressures emanating from the heat-exchanging media 
pressure differences between the two flow channels, heat shocKs 
and other transient phenomena associated with the start-up and 
stoppage of heat exchangers of this Kind in process plants, heat 
stressing, external forces and moments and other additional 
loadings arising from unsteady operation. 

Stress conditions giving an overall complex physical stress area 
arise in the various zones of the stacK of plates or such a 
pressure member In dependence upon the strength of materials. 
pl.t. thickness, depth of impression, width of Impressions and of 



plate pockets, pocket length and the number of plates disposed 
one above another - I.e., upon the whole of the geometric 
conf iguratlon. 

There are two main characteristic parameters - i.e., the maximum 
permissible working pressure and the working temperature - which 
determine the range of use of such a heat exchanger. These two 
parameters are closely interrelated, their values being inversely 
proportional to one another - i.e., the permissible working 
pressure decreases as the temperature difference between room 
temperature and working temperature increases. 

The usual reason for this result is that permissible stresses 
decrease as the te.peratures of the plate materials used 
increase. 

When resilient seals are used to seal off the discrete plate 
laments from one another, it beco.es impossible to fully use the 
n echanlcal strength of the wavy plates. Instead, the main 
consideration determining the strength of such plate stacks is 
the pressure and temperature strength of the sealing materials; 
also, the same have a relatively short working life in the 
operating conditions of the heat exchangers and have to be 
replaced. Also, the sealing tightness of such Junctions or 
joints is very unsatisfactory, more particularly 
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when the heat-exchanging media have aggressive properties. The 
strength and sealing tightness of exchanger cores soldered by way 
of the plate edges depends mainly upon the strength and thickness 
of the soldered Joints which, In the light of the strength of 
welded joints at the relatively high working temperatures, are 
far less than the mechanical strength of the wavy plate 
structures. 

„,ea .he connecting edge, of the wevy p.e.es ere -elded ever e 
«dth sefe for .he structure. s,ron S end sl»u.teneous>y see.lng- 
llg „t we!ded Join., of thle Mnd ceeee .0 he wee* spot. In .he 
ov.reU s.reng.h pattern; ln.«e.d. experience .how. .he. 
per.ise.hle loedlng Is determined oy .he structure es such. 

for reason, of environment.! protection end energy se.lng, It Is 
Pecomlng increesmgly necess.ry to use hee, exchanger. ..en In 
process plente working In extreme conditions, end so the 
requirements made on hee. exchenger. ere else hecomlng 
increasingly stringent. 

U Is elso very Impor.en. In h... exch.nger construction .o 
achieve high power density - ..... op.lmel rele.lonsh.p 
petween size of con.truct.cn end hee. excheng.r performence - end 
a .....factory power-to-welgh. r.tlo. These high spec.f.c he., 
performance recrements d.pend to . Urge ex.en. upon the medle 
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pressures and temperatures used - i.e.. permissible - in 
operat ion. 

It is therefore the object of the invention to propose steps 
enabling welded heat exchanger structures to be improved so that 
their strength can be Increased and. therefore, their range of 
use widened without additional expenditure on material and 
construction. 

The invention solves .Ms proO.ee 0y the oper.Uve features of 
claim 1. 

wording t. the invention, therefore. In the promotion of the 
hes . exoanser st.cx. after first weid see. has been produce* 

„ k . now channels ere foraed. the pairs of plete e.eeen.s ere 
Joined to s ether to fore e loose star, end neve eppl.ed t. thee 
pr eload.n s or Masln g forces. In the for. of a unifore surface 
Load exerted oppos.te ly to the loads occurr.ng in oper.tlon. 

„„.. sea»s end corner se.es. The ee.hod eccordin S to the 
.nventlon therefore eakes it possible to produce e reslilent 
, et or»etlon of the plat, elects despite . substen.leliy dot- 
„». contact between the pressed profiles of every two plate 
eUeents, such deformation leedinj dur.n S we.din S operations to a 
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very definite bond in the structure of the plate stack, thus 
increasing the load capacity of the heat exchanger. 

According to the invention, as surface load the plate elements in 
the stack experience a load in dependence upon the subsequent 
working pressure in the plate elements (maximum pressure at 
different pressure on the tube side and the gap side), the load 
preferably being from 1 to 15 kg/cm* in dependence upon the from 
0.5 to 1.0 mm wall thickness and upon the from 13.2 to 4.5 mm 
depth of impression of the approximately 18 mm long impressions 
in the plate elements - i.e., In dependence upon the geometric 
configuration and the permissible working pressure of the plate 
exchanger structure. 

Advantageously, to transfer the biasing or preloading forces to 
the stack of plates the surface load is applied to the plate 
elements of the stack by way of external plates having a 
configuration corresponding to plate element configuration; the 
outer walls of the pressure vessel used to receive the heat 
exchanger stack can be used as load-applying external plates. 

The surface load is produced mechanically or thermally or 
hydraullcally In a predeterminable magnitude; when the plate 
elements of the stack are of substantial size, additional anchor 
means (studs, prof ilings or the like) are welded in oetween the 
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outer walls before the surface load is applied (pressure 
preloading) and are effective as tie rods when the pressure 
preloading is decreased. 

When the surface load is applied thermally, the rods retaining 
the plate groups during welding are heated before insertion in 
the plate groups so that the cooling pins shrink-on the plate 
groups before the next welding is performed. 

In a development of the invention a plate elements is provided 
wherein the wall thickness of the plate elements is from 0.5 to 
1.1 am, the depth of impression of the profilings is from 3.2 to 
70 mm and the length of impression of the profilings is from 10 
to 20 mm; the roll seams opposite one another and the transverse 
seams correspond in their widths to the widths of the plate 
elements to be joined together, the widths preferably being of 
from 2 to 4 mm corresponding to a plate element width of from 250 
to 400 mm. 

The invention will be described hereinafter with reference to the 
drawings which diagrammatical ly illustrate an embodiment and in 
which in detail: 

Fig. 1 is a perspective view showing a part of a heat exchanger 
according to the invention with the front side wall removed. 



Fig. 2 is another perspective view of a part of the heat 
exchanger core of Fig. 1 looking in the direction of arrows M2 of 

Fig. 1; 

Fig. 3 is a section through an apparatus for the practice of the 
method of producing a welded plate heat exchanger according to 
the Invention; 

Fig. * is a plan view of the apparatus of Fig. 3; 

Fig. 5 is a view to an enlarged scale of a number of plate 
elements, and 

Fig. 6 is a partial section through the plate elements of Fig. 5. 

A heat exchanger core comprises a number of discrete thin-walled 
honeycomb-shaped plate elements or plates Kl, K2, ». K4. K5 
etc.; in all cases two individual plates K2, K3 or KA and «. 
pieced on one another in laterally inverted form are Joined 
together on their opposite edge zones 7, 8 by first weld seams 9, 
which are roll seams, to form plate pairs PI to Pn. the discrete 
pletes each forming by way of their corresponding shapings a flow 
gap S for a heat-yielding medium Ml. Each plate pair P2. P3 is 
rigidly connected to the adjacent plate pair P4. P5 by opposite 
second seams 10, which are fillet seams or transverse seams and 



extend on the plate pair' ed B es end perpendicularly to the first 
s ee»s 9 - i.e.. roll seam* - i.e.. the fillet .... 10 rigidly 
interconnect th. Recent pl.t.. H. K2 and K3. K4 of eny one 
peir by -ay of their oppo.lt. edge .one, 11, 12, the plate. Kl, 
K2 and K3, K4 which ere near one enother form by their 
corresponding shepings flow tube. 13 <.ae Fi 8 . 2. for a heet- 
recelvlng .ediu. ». Co„.e,uently, and a. Fi 8 s. 5 and 6 show, 
eech hsat exchanger plate K 1. a pressed plate 30 and has as 
shaping or prof!l!n 8 uniformly disposed 8 rooves 32. 33 .H 8 ned in 
.eduler fashion lengthw.se end transversely. As already stated, 
the heat exchanger pl.tes are welded together in pairs In a stack 
«. upon another r.Ut.v.l, to their grooves 32 end are welded 
together by the roll see. on their transverse edges .0. The 
8r „oves 33 of th. adjacent pl.t.. therefor, bound the gap-ilk. 
d— ... S. «h.n two such plate pairs are stacked one upon 
,„other in laterally Inverted for., the grooves 32 which extend 
,„ the other direction for. the tube-llk. channels .3 disposed 
b etw.en the outer pl.tes 30 of such . pl.t. pair. Oonseouently. 
the ed,.ce„t tube-H«. chann.is 13 er.se .n one direction and the 
edjacent g.p-Hke chann.is- S er.s. in the direction which is . 
trensverse of the said one direction, end so the heet-exchsnging 

„ + ^oiativelv to one another. 

me dia Ml, M2 can flow In cross-current relatively 

There therefore arises a plate group/heet exchanger core of a 
pred etern.lned height In accordance with the required heat 
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exchanger performance and the group is consolidated in the 
direction of stack height - i.e., perpendicularly to both the 
roil seams and transverse seams - by four corner build-up seams 
U at the corners of the group. The seams 14 are also effective 
to connect the exchanger core to exchanger casing 18 and to seal 
the flow channels off from one another. 

After the roll seams 9 have been applied the loosely stacked 
plate group comprising the plate pairs PI to Pn has applied to it 
by way of plate outside surfaces 18 biasing or preloading forces 
V chosen in accordance with the likely working pressures. Such 
forces can be applied in known manner hydraul ical ly or thermally 
or mechanically and adjustably. The adjustable surface loading 
can be applied by way of outer plates of a configuration 
corresponding to the configuration of the plate elements. 

An appropriate apparatus for this purpose is illustrated in Figs. 
3 and 4. 

In Figs. 3 and 4 the outer plates 18 of the heat exchanger are 
disposed between clips 31 which screwthreaded pins 32 press 
together adjustably to produce the surface loading. The plate 
groups 21 are disposed between the outer plates. The biasing or 
preloading forces V are therefore produced by a definite 
tightening of the tie rod or stud fastenings. 
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The forces V cen be produced by way of tie rods 22 which are 
welded when heated into. the outer plates before the plate element 
pairs are welded together to form a stack. The tie rods remain 

ln position whereas the studs or pins or the like 32 are removed 

after completion of the welded Joints. 

The forces V are applied until the transverse seams or fillet 
seams 10 and corner seams 14 have been made. The direction in 
which the forces V are operative can be gathered from Figs. 1 and 
2, where they act on the outer individual casing wall 18 on one 
side. 

Fig. 3 ahous pl.o 21. 22 where the mechanically or 
hydr.ul.c.ny or ther-ally -»»- «-"• " 
be applied. 
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,. A ae.hod Of producing »e!ded pl.t. hee. exchangers whose 
„.«. .1— t. have reguler Ispress.ons — «• *»— "« M '" r 
6y roll se,«s « tholr unimpressed edges to for. pl.t. p.lr. 
bound.ng gap-side apertures, to. pl.t. pairs -ems joined 
together to for. . s.ecK by Mil* seass Interconnecting th. .nd 
,. UU of th. near-together pi... .1— « of .»o .dj.cn. pl.t. 
ps ,rs. the s.«e bounding .ube-sld. openings, th. gap-side .hd 
tube-side .p.r.»ros of the s.ac. being disposed .« on .ngl. to 
one enother. corner -eld fi earns being applied to .he stacK corners 
perpend.cul.ny to th. roll s.a~ and f.Ue, seass for flu.d-ls. 
separation bet-eon the gap-side and tube-side apertures. 

pl.t. element pairs Joined together .0 for. . stack hav. a 
definite surfsce load applied to the. uniformly end the ne.r- 

toge.her pl.t. .1— « « « m * 

me and-joint Mll.t seems and .he corner sense .re applied and 
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after termination of the welding steps the surface load Is 
removed from the stack. 

2 A aa.nod according to cl.l. I. charactar.aad In that as 
sur( «e ioad tha p.a.a In .ha a.ac. axp.r,ance a load <n 

dapandanca upon tha aubaaauan. warning praaaur. in .ha pl.t. 
.,«.« C-ximu. praasura at dlffran. praasura on ,h. tuha a.da 
.„d tha gap slde>. tha load prafarahly ba.ng fro. . to 1. 
in d.pendenca upon tha fro. ... to ... - -11 .hlc.neas and upon 
,„a fron 13.3 to *.o » dapth o, lapraslon of tha approxlaat.ly 
,8 a, long laprasslons In tha plat, alamants. 

3 » aathod according to cl.l. » «• ch.rac.ar.aad » that 
the aurfac. !oad fa appHad to tha pi... alaaan.s of tha a.acK by 

of ax.arna! pU.aa having a configuration corraspondlng .0 
plate element configuration. 

t A aathod acc.rd.ng .o cla.a 1 or ,. char.c.arlaad .. .ha. 
th a ou.ar wa.la of tha prasaura .aasa! uaad to raca.v. .ha haa, 
axchangar a.acK ara uaad aa .oad-.pplymg 

, h ...hod according to any of Claims 1 - 4, characterized in that 
tha surface ,oad is produced ..cn.nlc.lly or thermally or 
hydr.ultcally In a prada.armlnabla Mgnitude. 
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6. A method according to claim 1 or 2. characterised in that 
when the plate elements of the stack are of substantial si 2 e. 
additional anchor means are 

welded in between the outer walls before the surface load Is 
applied (pressure preloading) and are effective as tie rods when 
the pressure preloading Is decreased. 

7. A plate element for a cross-flow heat exchanger having 
n odular profiles for the practice of the method according to any of 
claims 1 - 6, characterised in that the wall thickness of the 
put. element (30) is from 0.5 to 1.1 mm, the depth of impression 
of the prof 1 lings (32) is from 3.2 to 7.0 mm and the length of 
impression of the profilings (32) is from 10 to 20 mm. 

8 . A plate element according to claim 7, characterised in that 
the roll seams (9) opposite one another and the transverse seams 
(10) correspond in their widths to the widths of the plate 
elements (30) to be joined together, the widths preferably being 
of from 2 to 4 mm corresponding to a plate element width of from 
250 to 400 mm. 

9. A method of producing welded plate heat exchangers, 
substantially as hereinbefore described with reference to the 
accompanying drawings. 
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